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There is an increasing trend in many populations in the world being affected by diet related diseases 
like obesity, coronary heart disease and diabetes. According to WHO (World Health organization), 
there are more than 220 million people worldwide (against 75 million in 1975) affected by diabetes and 
this figure is predicted to exceed 350 million people by the year 2025, with a strong explosion in 
developing countries. This is mainly caused by the changing lifestyles with more people depending on 
convenient fast foods and increasing lack of activity. Diabetes mellitus is a disease characterized by a 
disorder of glucose metabolism including failure in blood glucose regulation. Therefore, understanding 
the postprandial effect to blood glucose of the foods we eat daily is paramount. Existing literature has 
reported the effects of free fatty acids (lauric, myristic, palmitic, stearic and oleic acids, lysolecithin 
and cholesterol) on the hydrolysis of starch, amylose and amylopectin using α-amylase and 
amyloglucosidase. Complexes between fatty acids such as lauric acid and amylose can form rapidly 
under physiological conditions which lead to the formation of resistant starch. The formation of such 
complexes with lipids and proteins may result in significant changes in the behaviour of the starch, 
including decreased solubility, increased gelatinization temperature, delayed retrogradation and 
resistance towards the action of digestive enzymes. It is believed that the hydrophobic nature of lipids 
inhibits the accessibility of amylase enzyme to starch. With this in perspective, this research aimed at 
studying the association between rice and plant milks made from mainly from oleaginous plant seeds 
(almonds, peanut, walnut and sesame) and then monitoring the glycemic response after in vitro 
digestion. Generally, the results showed a rapid increase in amounts of glucose released within 1 hour 
of the essay (from 12.04 to 39.32 g/100 g portion), with a significantly gradual trend of release of 
glucose past 1 hr of the experiment.  
On a per-gram portion of food basis, the samples differed widely in rate and amount of GGE released 
and, therefore, in the shapes of their digestion curves. Compared with glucose released for a rice 
sample alone, the results revealed that lower amounts of glucose released for rice mixed with plant 
milks. This could be due to increased resistance of starch to digestion probably because of formation of 
complexes between starch molecules and the lipids/proteins present in plant milks, hence lower 
















diebetic people’s diets. However, due to the length of time required to complete the experiments and 
due to the challenge in obtaining volunteers for the oral (mastication) phase of the experiments because 
of ethical reasons, we decided to adapt a simple, fast and robust in vitro essay to monitor the 
postprandial glucose release using glucometry.   
Techniques for continuous measurements of glucose during starch digestion exist, but stand alone 
amperometric techniques are expensive, cumbersome and usually for one sample per analysis. 
Adopting cheap, easy to use, readily available techniques has proved to be the best alternative. 
Glucometry, a technique which is used to measure blood glucose of diabetic individuals based on 
electrochemistry, with their test strips immobilised with glucose-sensitive enzymes, whose reactions 
with glucose generates direct currents that are calibrated to yield glucose concentrations provide this 
very vital option in In-vitro starch digestion studies. A hand held Glucometer was therefore used for 
assessing postprandial glucose release during in vitro digestion of rice with a combined action of α-
amylase and Amyloglucosidase enzymes. UV Spectrophotometry with DNS reagent was also 
employed to analyse and correlate reducing sugars released in these samples. Understanding the impact 
of postprandial glucose is valuable in the management and treatment of diabetes. This study involved 
development of a reproducible essay that mimics in vivo starch digestion in humans. It involved in 
vitro enzyme hydrolysis of 1 gram ground rice (sample) with α-amylase in maleate buffer solution and 
then pepsin in 0.05M HCl, followed by a mixture of pancreatin and Amyloglucosidase in maleate 
buffer. The sample was incubated in a reciprocating water bath (75 rev. per minute) at 370C, and 
sampling done at 15–30 minute intervals. The Glucometers used were sensitive to glucose released 
during the in vitro hydrolysis with enzymes at 370C. It also showed sensitivity to glucose 
concentrations in water (mg/L). Results revealed that crashing/grinding the cooked with a blender, 
model: Braun; Combi Max 600- speed 8 for average time of approximately 9.14 seconds was 
representative of rice samples chewed by mouth (mastication). The crushed grain population showed 
three distinctive differential grain populations, with a predominantly high percentage of grain particles 
ranging between 1-8μm diameters (Fig 4.6). The two Glucometers (SANNUO and EASYTOUCH®G) 
used showed a linear relationship with P value < 0.0001; R2 = 0.9953 (Fig. 4.7) to glucose 
concentrations (mg/mL) in water and glucometer readings. The equilibrium of enzymatically 
hydrolyzed starch for the rice sample, incubated at 370C increased rapidly to average glucose 
















(SANNUO Glucometer), and 19.5 mM/L (EASYTOUCH®G Glucometer), within the first 15 minutes 
of the essay. This was attributed to the accessibility of the gelatinized starch to digestive amylolitic 
enzymes present in pancreatin. After 15 minutes, the hydrolysis showed a slow leveled up progression. 
From the results obtained, we can deduce that a majority of digestible carbohydrate in rice is Rapidly 
Digestible Starch (RDS), which is known to elevate postprandial glucose levels, leading to 
hyperglycemia, a risk factor to diabetes. However, it was noted that there are differences in the glucose 
concentration readings (mM/L) after conversion, for the two Glucometers used due to the differences in 
the response of the immobilised enzymes in the test strips. This study aimed at developing a rapid 
repeatable In vitro starch digestion essay for obtaining data on the postprandial effect of consuming 
rice and this information further can be used in designing diets for management of diabetes. 






























































8 及大约 9.14 s 下得到的米饭样品能代表人体口腔咀嚼后的米饭颗粒。破碎后的颗粒群体主体粒
径主要集中在 1-8 mm。在淀粉体外消化实验中，向 1 g 研磨过的米饭样品先后加入溶解在顺丁
烯二酸盐缓冲液中的α-淀粉酶溶液、溶解在 0.05M HCl 中的胃蛋白酶溶液、溶解在顺丁烯二酸
盐缓冲液中的胰岛素以及淀粉转葡萄糖苷酶的混合溶液。将该样品置于 37℃的水浴锅（75 转
/min）中，在 15-30 min 间隔内取样进行分析。用血糖仪来监测在体外研究中 37℃下淀粉酶解
产生的葡萄糖的浓度。同时，血糖仪对于水中的葡萄糖浓度（mg/L）具有同样的灵敏度。使用
的两个血糖仪（SANNUO 和 EASYTOUCH®G）其读数（GG, mg/dL）与水中葡萄糖浓度（M, 
mg/ mL）成线性关系（P < 0.0001; R2 = 0.9953）。在 37℃下，米饭样品中淀粉酶解产生的葡萄
糖浓度，在 15 min 内逐渐增到大约 14.2 mM/L（紫外分光光度计），15.7 mM/L（SANNUO 血
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